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into the air if irresponsibly used.
Uncontrolled, sixty to seventy percent
of nitrogen in raw slurry can be lost
through volatilization (Béline et al.,
2002).

Manure with high BOD requires a
larger amount of oxygen per unit
volume, and consequently a more
intensive aeration system. High
aeration rates may also create foam.
Mechanical foam breakers are most
often implemented to control toaming.
In high BOD situations, the manure
also requires more mixing, to ensure
the aerobic environment is distributed
homogenously.

4.3.2 ADDITIVES

Aerobic digestion of livestock manure
does not require inoculants or seeding
with municipal activated sludge, all the
bacteria required for aerobic digestion
is available naturally in the manure.
There is no advantage to using
commercially available inoculants or
additives to achieve nitrogen or
phosphorus removal (Zhu et al., 2003).

However, other types of additives may
provide some benefits. Lime added to
fresh swine manure can conserve urea,
prevent ammonia production, and
improve odor control. Cement kiln
dust is high in potassium and calcium
and has been added to swine manure to
complement the existing nutrient value
for fertilizer and to decrease odors.
Other additives can alter the pH, cause

certain chemicals to precipitate out of

solution, or reduce foaming. Additives
should be used carefully as they can be
costly, and some may cause secondary
environmental pollution when solids
or supernatant is applied to land.

There is also growing research in the
area of feed additives which can alter

the nutrient content of manure.
Phytase is used in the poultry industry
to reduce phosphorus levels in chicken
litter, but an analogous additive for
mammals, especially ruminants, has
yet to be proven effective.

4.3.3 NUTRIENT TREATMENT AND
TRANSFORMATION

All microorganisms require nitrogen
and phosphorus for growth and
reproduction. However, the assimilation
of these nutrients into cellular mass
accounts for only a small portion of the
nutrient removal from manure.
Biochemical processes are the primary
pathways for nutrient removal,
especially for nitrogen.

Nitrogen is transformed during aerobic
treatment, but the amount of nitrogen
and the form it takes depends on the
treatment time, temperature, and
amount of dissolved oxygen available
to the aerobic microorganisms.
During aeration, five to 35 percent of
the organic nitrogen in the slurry 1is
converted to ammonia nitrogen
(Bicudo, 1999). The ammonia can be
further oxidized and converted to

nitrate in a process known as
nitrification.  Nitrate is a common
water contaminant so  further

treatment, such as denitrification, is
required to prevent water pollution.
See  Chapter 6, Nitrification-
Denitrification for more information.

Microorganisms in slurry can remove
soluble orthophosphate from the
wastewater and incorporate the
phosphorus  into  their  bodies.
However, for significant phosphorus
reductions, an anoxic period is
required to stimulate the phosphorus
accumulating organisms (PAOs).
Additional information on anoxic
conditions is available in Chapter 6,



Nitrification-Denitrification. When
the PAQs die they become part of the
solids, the phosphorus also becomes a
component of the solids. The
phosphorus-rich  solids should be
further treated or disposed of
responsibly to prevent eutrophication
and other water quality problems.

4.4 TYPES OF AEROBIC
DIGESTION DESIGNS

There are two basic types of aerobic
treatment designs—fixed film and
suspended growth. Both types of
treatment are usually followed by
solids separation of some sort in order
to remove the biomass from the treated
wastewater. The HRT and reactor size
depend on the desired level of treatment
rather than the type of design.

4.4.1 FIXED FiLm

Fixed film digesters are treatment
systems where bacteria grow on a fixed
medium—which can be stones, mesh,
or any other solid material. The manure
is introduced to the reactor, which can
be a tank or lagoon, and the entire
system is aerated. Trickling filters and

rotating biological contactors are two
types of fixed film aerobic digesters.

g, Trickling Filter

Trickling filters consist of a medium,
such as stones, slag, ceramic, or plastic
contained in a vented cylindrical vessel,
The vents around the outside distribute
air across the bottom of the filter and up
through the stones. The air moves
upward as the liqud waste moves
downward, allowing the bacteria growing
on the medium to have access to food
and oxygen simultaneously. Figure 4.1
is a diagram of a trickling filter.

The bacterial biomass on the medium
grows thicker over time. This growth
continues until the bacteria no longer
have adequate access to food and
oxygen and die. The next wave of
manure will shear the dead bacteria
from the medium and flush the
biomass out of the reactor.

Trickling filters are designed based on

the organic loading, the mass of the {

BOD per unit volume of the filter, and
the hydraulic loading, the volume of
liquid waste per unit area of the filter.

Waste influent

Stone or other growth
supporting media

Foreed air

Qutlet 1o seltling tank

Shed blomass

Influent

Supporting
media

Biofilm

Air flow

Figure 4.1: Diagram of a trickling filter (adapted from Miner et. al. 2000).
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Figure 4,2: Rotating biological contactor (Grady et al., 1998).

| Trickling filters can remove from 75 to

90 percent of the applied organic
matter (Miner et al., 2000). Recycling
the treated liquid back through the
filter a second time may increase the
removal rates.

In a packed bed reactor the wastewater
moves upward against the medium
instead of downward. These reactors
may  have either continuous
introduction or

- intermittent wastewater flow; trick!ing
- filters
- intermiftent processes.

are usually designed as

b. Rotating Biological Contactor

A rotating biological contactor (RBC})
is made up of Jarge disks spaced along

- a horizontal shaft. The disks serve as a

medium for the bacteria to grow on.

. The disks, two to four meters (eight to

12 feet) in diameter revolve at a slow
speed. The bacteria growing on the
disks are alternately exposed to the air
and wastewater as the disks rotate
from being 1mmersed in the
wastewater and being open to the
atmosphere. Figure 4.2 is a diagram
of a RBC.

Rotating biological contactors operate
well with livestock waste but can be
significantly higher in cost than
trickling filters.

4.4.2 SUSPENDED GROWTH
AEROBIC DIGESTION

Suspended growth processes are
sometimes referred to as activated
sludge systems. In these systems, the
bacteria are not attached to anything,
but instead are suspended in the
wastewater.  Aeration in suspended
growth  processes  serves  two
purposes—to provide oxygen for the
aerobic bacteria, and to keep the
bacteria suspended and in constant
contact with the wastewater. Examples
of suspended growth processes are
batch reactors, continuous-flow stirred
tank reactors, aerobic lagoons, and
facultative lagoons.
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Figure 4.3: Batch reactor (Metcalf and Eddy, 2003).

a. Batch Reactor

In a batch reactor the waste enters an
empty reactor, is treated, and then
discharged from the reactor to storage
or further treatment. Even though
mixing occurs, complete mixing is not
achieved during the incubation period.
Aerobic treatment by a batch reactor is
a five step process, as illustrated by
figure 4.3:

1. The reactor is filled with untreated
manure,

2. The reactor is aerated,

3. The treated manure is allowed to

settle,

4. The supernatant is decanted from
the reactor, and

5. Solids are removed from the
reactor.

A settling basin or other settling
system is used to separate the bacterial
biomass and digestion byproducts
from the supernatant. For further
treatment, batch reactors may be
placed in series to form a sequencing
batch reactor (SBR). Or, like trickling
filters, the treated supernatant and
solids can be recycled back through
the sysiem to increase the removal
efficiency.

b. Continuous-Flow Stirred
Tank Reactior

In a continuous-flow stirred tank
reactor (CfSTR), wastewater is being
continually added to and removed
from the reactor. Continuous-tlow
stirred tank reactors are sometimes
called complete mix reactors (CMR})
because the wastewater is regarded as
completely and instantaneously mixed
throughout the reactor. Figure 4.4 is a
diagram of a C{STR.

- Decant: To draw off :

the upper layer of ;
liquid ‘after denser @
materials have settled
to the bottom. !

Manure
level

Manure

. - Actumidaled .
cosolids g

Treated
manure

p

Figure 4.4: Continuous-flow stirred tank reactor {(Grady et

al., 1998).
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i The liguid that is removed from the
. CISTR is representative of the

wastewater remaining in the reactor.
This is true both in terms of what
chemical compounds are in the
discharge and the percent of discharge
volume those compounds occupy in
relation to the volume they occupy in
the reactor. :

c. Aerobic Lagoon

An aerobic lagoon is a simple system.
A lagoon is excavated and lined with
either a compacted clay layer or an
impermeable plastic liner to prevent
contaminants from migrating to
groundwater. The lagoon is filled with
manure—¢ither dilute or separated
slurry works best.  Solids .in the
manure will increase the amount of
oxygen the aerobic bacteria need and
the energy required for aeration.
Figure 4.5 is a photograph of an
acrobic lagoon. Aerobic lagoons may
be continuous or batch-fed.

Aerobic lagoons may be naturally or
mechanically aerated. Natural aeration
relies on the oxygen that is naturally

£ 5

Figure 4.5

: Aerobic lagoon (M. Grismer, 2004).

present in the manure. The depth of
naturally aerated lagoons is limited to
one to 1.5 meters (three to five feet) to
ensure complete aeration (Bicudo,
2001). Mechanical aeration utilizes
surface aerators to add air to the
manure for bacterial growth. The use
of mechanical aerators allows for
deeper lagoons. Aerators should be
sized to provide enough oxygen to
minimize any odor production and to
promote adequate aerobic digestion,
but not at a rate high enough to throw
manure into the air, creating a wind
drift problem. Additional oxygen is
required if full biological conversion
of ammonia to nitrate is a treatment
goal, but the additional oxygen should
not be supplied at the cost of
increasing volatilized ammonia from
the lagoon. Aeration requires a large
surface area, four to five times what is
required for anaerobic digestion.

The HRT for aerobic lagoons is
usually around 20 to 30 days (Bicudo,
2001). If odor reduction is the main
treatment objective, the HRT can be
five or less days (Bicudo, 2001). Ina
study of farm-scale aerobic lagoons,




odor concentrations were reduced by
50 to 75 percent with HRTs of 1.7 to
6.3 days (Burton et al., 1998). Aerobic
lagoons typically operate at ambient
temperatures, therefore the HRT may
be significantly longer for lagoons
located in cold climates.

Aerobic lagoons are typically
consiructed of earth and have very
large surface areas. Embankments
should be wide enough to mow and
maintain. Trees should not be permitted
to grow on the embankment or in the
lagoon. The tree roots will penetrate
the embankment, jeopardizing the
integrity of the embankment, which can
lead to a catastrophic spill. Adequate
freeboard should be maintained in the
lagoon and storage areas.

Treated manure must be stored after
digestion until it can be treated further
or applied to land. A separate storage
facility can be used or a lagoon may be
partitioned.  Partitioning the lagoon
provides an area for treatment and also
an area for storage of treated manure.
Permanent dividers may be installed or
temporary baffles can be used to create
the partitions,

Figure 4.6;: Aerobic and anoxic zones (J. Robbins, 2004).

d. Low-Rate Aeration Processes

Low-rate aerobic processes offer
greater operational flexibility with the
potential for lower costs. Low-rate and
intermittent acration decreases power
needs, and may allow for deeper
treatment lagoons and shorter HRTS.
Low-rate aeration can still provide odor
reductions of 20 to 40 percent (Zhang et
al., 2003 and Osada et al., 1991). Low-
level aeration can still treat nitrogenous
compounds and intermittent aeration
may increase phosphorus transformations.
Phosphorus accumulating organisms
are stimulated by intermittent aeration.
The phosphorus in the wastewater is
consumed by the phosphorus
accumulating organisms and assimilated
into their cellular mass. Low-rate aeration
cuts biomass production, reducing the
frequency of sludge removal.

Facultative lagoons are a type of low-
rate aerobic process. Facultative lagoons
have both aerobic and anoxic zones.
Figure 4.6 is a photograph of a lagoon
where both anoxic and aerobic zones
are visible. Up to 75 percent of organic
‘material can be removed using only
one-third of the power required for a
fully aerobic lagoon (Bicudo, 2001).
However, ammonia volatilization often
increases with the use of facultative
lagoons.

_Freeboard: The ver-
‘tical space befween |
- the . surface of a
_water ‘body and the °
| top of the surrounding
embankment.

63



Facultative lagoons, especially in the
form of oxidation ditches located
. under barn floors, were once fairly
' popular in the United States. Figure
4.7 is a photograph of a facultative
lagoon. The energy crisis of the
1980°s caused power-driven
treatments to fall out of favor (Miner et
al., 2000). European farms continue to
use facultative lagoons and oxidation
ditches because they are well-suited to
the smaller land base and strict
environmental regulations. These
factors make the facultative lagoons
' and  oxidation ditches practical
treatment  options  despite  the
electricity costs. Oxidation ditches are
very similar to batch reactors. They
are continually aerated for 20 hours,
. and then the motors are shut down.
During shut down, the biomass setties
and the effluent is siphoned off. The
treatment reactor can then be refilled
with slurry. This process allows both
nitrification and denitrification to
occur, See Chapter 6 for more
information on nitrification-
denitrification and oxidation ditches.

Figure 4.7: Facultative lagoon (Lemna Technologies, Inc. 2004).

e. Combination Processes

There are almost a limitless number of
ways that the different aerobic
processes can be linked together or with
other treatment processes. Intermittent
aeration can be performed with or
without solids separation, supernatant
may or may not be recycled through the
system, a mechanically aerated
freatment lagoon may be placed in
series with a naturally aerated or
intermittently aerated lagoon-—these

-are just a few of the many options that

are available for aerobic digestion.
4.5 SUMMARY

Aerobic digestion is a treatment process
that utilizes oxygen-loving bacteria and
other agrobic microorganisms to break
down organic matter and nutrients, and
to reduce odor and manure gas emissions.
Manure must be oxygenated in order
for aerobic conditions to prevail and
depending on the characteristics of the
manure and the design, aeration costs
may be high. Aerobic digesters may be
fixed-film or suspended growth systems.
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